


Large Datasets \w
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A Wealth of Heavy Flavor Results: 85 Run Il Publications (50 CDF, 35 DQ)

o

Some Highlights
— Measurement of Am_, AI"_, CP-violating phase
— 1% Observationof: & _,X /X, Q - Precise Measurements of: A ,B_, B_
— B, and D_~ states and exotics (X/Y)

d/s
— Rare (leptonic) B and D decays
— and many more .....
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‘ Results since 2008
CDF Results| DO Results|

1) Q, and E - Properties arXiv:0905.3123 1) D@ Combined AT"_ vs CPV-phase DO Note 5933
2) A, Lifetimein A »>A T cdf/pub/bottom/public/9408 2) CPV AsymmetryinB_— D_p X arXiv:0904.3907
9 GEINBRE. S d Ry CDF Note 9740 3) _ Search for Dimuon Excess in 1.6 <r<10 cm D Note 5905
'4) b-Hadron — p D° X X-section arXiv:0903.2403; 4) Expected B, — p* p- Limit w/ 5fb" D@ Note 5906
5) Res.StructinB*— Jiy ¢ K*  PRL102,242002(2009)  5) Study of B,— D)D" PRL 102, 091801 (2009)
6) BR(A,—»Auv)/BR(A,—A ) PRD 79, 032001 (2009) 6) Angular and Lifetime Param's in B, — J/iy K’/ B_ = J/y ¢
7) B, LifetimeinB,— D_x CDF Note 9203v2 PRL 102, 032001 (2009)
8) Multi-muon Event Production arXiv:0810.5357:  7) Observation of the Q- Baryon PRL 101, 232002 (2008)
9) CPVPhaseinB—Jiy$  cdfianalbottom/public/9458  8) B, Lifetime in Semilept Mode  PRL 102, 092001 (2009)
10) X(3872) Mass CDF Note 9454 9) Y(1S,2S) Polarization PRL 101, 182004 (2008)
11) Search for Narrow Resonances below ¥ CDF Note 9410 10) B - y(2S)/B —» J/y arXiv:0805.2576
12) SearchforB_,—>ep CDF Note 9413 11) Observationof B, —» J/iy =© PRL 101, 012001 (2008)
13) B- LifetimeinB*— D°xn CDF Note 9370 12) CPVin B* —» J/y K+ PRL 100, 211802 (2008)
14) B_Lifetimein B, — Jiy I X CDF Note 9294 13) AI'_and CPV Phase in B -»J/y¢ PRL 101, 241801 (2008)
15) Search for D° —» p+ p- CDF Note 9226
Concentrate on: B-Hadron Properties CP-Violation Productlon
(backup)
Tragically Ignore: everything else (sorry!)

w H. Evans Blois, 23 June, 2009 3



Detector Performance \w

CDF DO
Unique Trigger 2-Track Hadronic Muons w/out Impact Parameter
Muons Mml<1.0;>54 M| <2.0;12-18 A ; toroid
Tracking 1.5-137cm ;B=14T;n| <20 1.7-52cm ;B=2.0T;|n|<3.0
©/K Sep. dE/dx & TOF

— Proper Time Resolution—
i DJ:p D, (<o> ~ 55 um)

/CDI-;._:‘I D_ (<> ~ 45 um)
CDF: (3)n D, (<G> ~ 26 um)

ALEPH: hadronic

B, Lifetime
B, oscillation period

BaBar: ¢(At)

‘T|||||||‘|||| | .
0 0005 0.01 0.015 0.02 0.025 0.03 0035 0.04 0.045 0.05
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w H. Evans
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12008

Candidates per

~>‘:’, r
m1400j

21000f

CDF Il Preliminary, L = 1.1 fb"

‘ Progress on the A

Preliminary: A, — A _(pKn)

D @
o [=]
(=] (=]

T T T W

-
(=1
(=]
T T

2000

..... A, Four-Track
,,,,, Ay, Semi-leptonic
..... A, Other
— B Four-Track
—— B Semi-leptonic
— B Other
..... Ay = A K
e g AP
s iy ST

Ap— A; X
—— Combinatorial

signal: 29!

05+58

GrLhoanw ©
-

CDF Il Preliminary, L=1.1 fb" |

Candidates per 0.0025 cm

65 1
m(A; ) GeV/c?

10°E

10+

— B Four-Track
—————— Ay = A K

— Combinatorial
------ A, Four-Track

,,,,,, A, Semi-leptonic

0.2 0
ct(Ag) [em]

—0.25

Using Two Displaced Track Triggers

Comparison to World Ave and HQET

I I I |
L
ALEPH A+ A" - 0.79340.072
OPAL Al ™ 0.845°,,, $0.038
DELPHI A - 0.728°) ) 40,033
COF Run | Al & 0. 256+-0.098 H0.046
DHL_FIUHII.I T —— [ 045';’3‘: 0,023
HQET prediction: Taranting, hep-ph/0702235 0.88H0.05
PDG 2008 e s 0.807 oy
COLRunll Ax [PRELIM) —— 0.819+0.030+0.023

|
0.4 0.6 0.8 1

1.2
©(A,) / (B)

ct(A,) =420.1 £13.7 £ 10.6 pm

Blois, 23 June, 2009



More b Baryons \w

CDF DO
June 2007  ---
B June 2007  June 2007
Q - May 2009 August 2008

w H. Evans Blois, 23 June, 2009 6



Comb./5 MeV/c?

Comb./10 MeV/c?

Candidates,/cm

1600
1400
1200
1000
800
800
400
200

=

— Jhy

“b

P ~
' % | DO (a)
' 2" 1.3 b
< i -
. S [ _I” Data
. ..\912‘_ M e Fit
S [
: :>j10-_ Qb—)J/\FQ
: | - 5.4
s (b .00 _Wrong Sign ;- °
Q,—->JyQ :5.50 e = i H
J e % o |l i el 5
:i <8 Q- Sideband
LGHiE |2 R S Q- Sideband “ %j_‘
M(J/907) Gev/c? molo amnngw gn g ::j, PFWM”JLFN'W”
] ] 2 Y] rl-lr: i :—: --l..-. . I.T._Ll h':is 7 a :_(d) A Sideband CC LETETTTTT N RITTL L LI LLLrrr TILIIL TICI T T T
Decay Length Distrib's Wrong Sign i A A | N ¥ P R O A
— +0.27 A : -
T(E,)F1.56 055 +0.02ps | © (Lo m wo o) z—iﬁﬂﬂg;‘ o) 58 6 62 64 N?éz_f(-&ev;
------ E SJYE /A, > 100 Mass (GeV) b
e _ = F
______________ 1 O L DO ! * Data
| + i g f 13t~ | — MC signal + data bkgd
002 0 0.02 _0;0-4 0.06 U_U% 0.1 .12 014 I 9: : :
e L . 5 ok ,
7(0Q,)=1.13",+0.02ps , E£ +%
Q —->JyQ 1 o o
_______ : CoE g |
................. | ' : |
[ B |
—0.02 ] 0.02  0.04 0C6  C.0B X BlOiS, 23 June, 2009 I _(|)1 — (I) I I0|_1|" I I0_2I — |0_|3I" I I0_4
0, —>J/ Y cm

Proper decay length (cm)



CDF: 4.2 fb™ E —— 5790.9+2.6+0.8 Eb: QOOd agreement:
« CDF vs DO
e o 22 * Exp vs Theory
Jenkins, PRD 77, 034012 (2008)
1 L __1 __1 |
5740 5760 5800 5820
M(Z.) [MeV]

CDF: 4.2 fb" .

6054.4+6.8+0.9 M (Q; )DO_ M (Q_ >CDF

b

= 111+12+14 MeV
~60 difference

Karliner, et al. &nn Phys 324, 2 (2008)
Lewis, t al, PRO 78, 014502 (2000)

Q Q *— Jenkine, PRD 77. 034012 [2008)
5000 oo 52650 (10x largest syst)
M{ﬂu [MeV]
cpp: Z\ ) BRI, 2JIw Q) 0494001 Do: (P72 BRI, 2w Q) 0.80+-0.32*%
o(E;) BR(E, >JIpE -

w H. Evans

f(b—5,) BR(Z,~J/w5")

~1.30 difference (Gaussian Errors)
Blois, 23 June, 2009

The Same Q,_ ??? \w
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Charmonium-like Exotica <[>

JFC States Main Decay Discovered Possible Interpretation
1+ X(3872) Jynrntn- Belle03 D-D" molecule, tetraquark

X(3875) D°D°w°,D°D*® Belle 05
1-- Y(4008) * J/iy mt - Belle 07

Y(4260) Jiy mt - BaBar05 c¢CCg

Y(4325) y(2S) t* - BaBar 06

Y(4660) *  y(2S) n* ®- Belle 07

X(4630) * A _*A_- Belle 08 v (3D)
2+ Z(3930)* DD Belle 05 X ..(2P)

Z%(4430) * wy(2S) &t Belle 07

Z Aoy T Belle 08
?27? X(3940)* pDD* Belle 07 n.(35)

Y(3940) Jiy o Belle 05 X.1(2P),ccg

Y(4140)*  Jiy ¢ CDF 09

X(4160) D" D" Belle 07

* only one observation — needs confirmation

w H. Evans Blois, 23 June, 2009 9



‘ CDF X(3872) Mass Measurement

X(3872) > Jy - —> Ut u w1 World-Best Mass Measurement
CDF Il Preliminary 2.4fb"
C | [ I ' [
4500 - Belle (old): B — K" J/y n* 7 —————3872.0+0.640.5
~ BaBar:B" — K" Jiy n* o
S 4000 BaBar: B® s K® ity 7 1 R 3871.4+0.6:0.1
< 3500 . 3868.7+1.5+0.4
3 3000 o L
& 2500 COFAQld):pp — Jyn X ~——e—— 3871.30+0.70+0.40
g 2000 N A A W N N L
%’ 1500 & (prelim) Belle: B — K* J/y * — oI 571 4620374007
g 1000¢ . (prelim) CDF: pp — Jiy 7" n° X —s= " 3871.61+0.16+0.19
O o . L Twrf;s ((;é%.’c:] o new World Ave (unofficial) . 2871.5040.19
EL L [ T | | | ' |
375 380 385 590 895 400 3866 3868 3870 3872 3874
Jhynr Mass (GeV/c?) X(3872) mass [MeV]
What is it ??? (CDF's input)
— 1+ or2+ decay products angular distrib's PRL 98, 132002 (2007)
— not two states Am< 3.2 MeV (90% CL) [for equal mixture] prelim
— possibly D-D* new M, < m(D°) + m(D") prelim
— or...not D-D’ prod. x-section too low Bignamini, Grinstein, Piccini, Polosa, Sabelli
arXiv:0906.0882
w H. Evans Blois, 23 June, 2009
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Structure in B*— Jhy ¢ K* \

i e s i
my. . (GeVie
Significance > 3.8 ¢

6 18 20 2 24

mi(Jiye) (GeViicY)

Assuming S-wave Breit-Wigner

— M=4143.0 + 2.9 + 1.2 MeV

CDF: 2.7 tb
mﬂ
= l b
i; . signal: 14 %5
o
=5
& "
ke >
E 3
o x
o X

11 1.2 13 14 15
AM (GeV/c?)
M(upKK) — M(up) (GeV/c?)

I = 11.7°%+3.7 MeV

-5.0—

Above open-charm threshold, but similar decay to Y(3930) —» J/y ®

H. Evans

Blois, 23 June, 2009
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EW Symmetry Breaking < Flavor \

EW Sym. Breaking = CKM Matrix = Different Quark Eigenstates

Weak CP Mass
M—i£ M —ih \ — _
19 |E;°<t>>)= 2 T2 |P;°<t>>) B@een=|B® =[B® B! =p|B°=q|B°
dt || B° r 0
IB°(t)) m—ilz oyl 1B°(t))
2 2
B_ Observables
17.77+012 ps™' Am_, = M,—M,~2|M,| sensitive to new physics
AT = T T oyg~2IT,) not sensitive to new physics
+0.062" osy PSS AT, = I,—T,~2|I',Jcos¢p, VERY sensitive to new physics
see ¢, = arg—-M,/T,, PT* = $M(~0.004) + ¢ °
following B, = arg -V, V,/V V.| B = pM(~0.02) — ¢i¥/2
2
1.472+0.024 s — - measN_2 meas _ , NP
—0.026 p Ts FL+FH (]53 Bs (]55

PDG 2009 world averages|

w H. Evans Blois, 23 June, 2009 12



‘ Width Difference & CPV in the B_ \w

1) Ang Distrib's in B, — J/\|! () 3) Flavor-specific Lifetime
\ ~ B,—> ID X

1 |1+(Aar/2r )y
Tfs=1~_

s|1-(Aar /2r )

— X = )] AP
PPk u I 4) CP-specific Final States
A Nbb—p 1) —N(bb—pu p )=Ad fsZs s .
SL N(bb—u'u)+N(bb—u u) SL f,Z, sL — Bs — K+ K

1

T CP—even r

s|1+H(AT /21 )

1 1
q= 2 2
1—(A1"q/21"q) 1+(Amq/Fq)

— Bs - Ds(*) Ds(*)
o Bs —H Ds X w w

3 "D "Dt 2BR(B —)D(*)JFD(*)—)_ Al 1 _AFSCOSd)s
A§L=N<B_s(t)_>“+Df)_N(BS<t)_>“_DS+)N1AFS tan ¢, y s Ir.cos¢ |1-2x, 2T,
N(B,(t)=u D)+ N(B,(H)=u D;) 24m, / ( x,= CP-odd fraction )

Assumes:
i. B,°¥—D_D_ forbidden [m_—c, some 1/N_, terms negl]
ii. AT"_° saturated by B.—D_“D_ [SV-limit]

iii. small CP-odd fraction [x]
w H. Evans Blois, 23 June, 2009 13



O CPViInB_— Jiy ¢

L=238fb'

CDF Run Il Preliminary

500}

E + — dlldata

E signal region data
400: sideband region data

——— {it projections

200— S
00 5 4 6
d (radians) 3’1 66
CDF Run Il Preliminary L=281fb"
— SM prediction !
06 — 95%cC.L
‘N — 68% C.L.

Fits Use:
3 decay angles
proper decay time

initial state flavor tag

m(B,)

B, Signal
+ 56 [CDF]

. 0.6

o250

Ber 0.1

Events

(=4
o
TTT

DO, 2.8 b’
B - Jiy ¢

[ 5.26< M(B) <5.46 GeV

ct/o(ct) > 5

* Data
— Total Fit
CP-even
CP-odd
Total Signal
— Background

1,967 + 65 [DO]

1.

._0.

08 06 04 02

0204 06 08 1

Transversity

DG 2.8fb ' with prellmmary systematlcs

2,04

&

- 68% CL

Results Include: z 02—

* unconstrained
strong phases

e contours w/
systematics &
adjusted to
proper cover.

Blois, 23 June
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CPVinB,— uD_X

B.—pD (07)X: 81,394£865 cand's 1~ accept:nfg cp M j\ﬁceptance

+ Data \ ® B / * measure/correct

— Fit detector-related

- Dy = 01 __1p \{ pL_1 asymmetries
..... D™ — on — —1 - regularly flip

DO@: 5 fb1 1! toroid & solenoid

20000 D@, 5 fo’

U ¢ T sample

15000

Events/(0.01 GeV/c?)

10000

5000 it polarities
O ILL.LL~l_ll_l'lr‘: LJIJ‘ DY STUE T AR A AT I AU l |
175 18 185 1.9 195 2 205 6.1 2.15 5.2 COF
My(GeV/c?) Runl 0.133:0.283:0.149
B.—uD (K*K)X: 33,557£1,200 cand's DF
(prefim - 1.6 fb™) —— 0.025+0.021+0.017
< 25000[
1
> - D&, 5 fo —+ Data
0]  p K* Ksample — Fit
20000
S I - D, — KK DO Semileptonic o -0.0017+0.0091; 52
215000 [/ % o D> K
2 - D — K*K"
- - . —
10000 ™F A KP HFAG World Ave .- -0.0027+0.0066
E SM pred: Lenz, Nierste, JHEP 08, 072 [2007)
5000~ '
- -0.1 0 0.1 0.2
O_J ..rL.-.-..\ph.-‘.-\ PRl thrau e T o 1 ASL
18756519 195 2 205 51 215 55" 225 -

My, (GeV/c?) Blois, 23 June, 2009 s



BR(B, —» D_" D_) DES

*— 0y - DO Run IT (2.8 fb! -1
D - ylm'D, — o1 oo ( ) - DO Run Il 28 %)
* > = = F
Ds+ — Y/WOD; — pu'v §:g_ 523_ o +
S F 2 F
< 40 %40§
£ 30 < 300 +
= 20 5 200
Lh 3 10-
- T T LT T e T TN
?' © 6)98099100101102103104105106107

p van P
/)pposite B
(ignored) « Signal: 26.6 £ 8.4 (3.20)

DO Run IT (2.8 fb})
10000
B B.—»> DO puyv . .
F s s « BR(B.—->DODO
S (normalization) (B, s D7)

= 0.035 = 0.010(stat) £ 0.008(syst) £ 0.007(BR's)

Candidates / (0.015 GeV/c?)

6000+
4000° Ars®  2BR(B°-D!'D.)
2000, . I' ) 1-BR(B;—D.'D.’)
97 18 19 20 21 22 23 = 0072 = 0021 = 0.022
m(¢m) (GeV/e)

w H. Evans Blois, 23 June, 2009 16




D@ Combination: 2.8 fb DES

B, - J/y ¢ alone

D@ 2.81fb ', with preliminary systematics

- £/ B8% CL -
- (o) t 5% CL 09 7% Ci] !
/ ' \\:__f*"ﬁﬂ\‘» 1 .5
i \\q_ ] -
e
14
ST C
N\~
0 20 1D 00 10 20 ao

¢7/%® [rad]

[-1.47;-0.29] U [-2.85;—-1.65]

Work in Progress

o

— D@ 1D confidence intervals for ¢_and AT,
— CDF + D@ combination

H. Evans

— 0.6

0.4
0.2
0.0
-0.2

-0.4

u.?_

[-1.26;-0.13] U [-3.00;-1.88]

B.—»> Jy ¢+ A, +1,

DO 281" + A , T, constraints

Blois, 23 June, 2009

BB% GL
ol 85% CL
= A SM —
y ﬁh“'-__ — ‘-x_._- rll,.-" E
2 ; “ =
o ; W"u_ e ,fr -
e o - _.
K1 -2.0 -1.0 0.0 1.0 2.0 3.0

B, - Jiv ¢ + A°,, +7,_+ BR(B,~D D)

0620 28 '+ A, T, « Broonstraints

17 - &8% CL
- E‘H:— 85% CL
éu.z:— ~_SM -

% SM p-value = 10%] -

0.4 o

080 20 1.0 00 1.0 20 3.0

@'¥* [rad]includes 30% uncertainty on¢.’'*" [rad|
BR(B,—»D_D_") vs AT"_ relationship

Example Gains (HFAG 2008 CDF-D@ combination of ¢_ results — 90% CL regions)

Bodve  Bodvedres, ]
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Conclusions & Plans \w

Broad Spectrum of Heavy Flavor Physics at the Tevatron
— quite complementary to the B-Factories

Many Important Results since the start of Run li
— Discovery of New B-states and Better Understanding of Old Ones
— Rare Decay Modes
— B, Mixing
— CP-violation in B_ System = a hint of New Physics ???
— ...to name just a few

More to Come

— expect ~factor of two increase in dataset by end of Run |l
— many analyses are statistics limited: Baryons, Rare Decays, CP-violation,...

Stay Tuned for Surprises !

w H. Evans Blois, 23 June, 2009 18



‘ Understanding b-Production

a*(pr>p™) (nb)

102

Events/(0.25 GeV/c?)

pp—>bX, vs=1.8TeV, ly’I<1 10 | .
1 Eﬁg ﬁ CDF, DO Run | Caciari, etal, JHEP 0407 033 (2004) — ;Cl)rrf ]&EZSTEQ(M’
NG ! 3 03 I~ A JNX (196TeV) Enlightenment:
NG G) RN O JWK* (1.96 TeV) . .
g ¥ ; > e u+D’ (1.96 TeV) 1) B's instead of b's
m Dimuons ™ @) v
s Muons+Jets i 3 .2 e arXiv:0903.2403 2) FONLL calc's
= MclaheMuens N i~ g3pb' | 3) Consistent fragment.
CDF N m 0 0
2 g I 4) Production radius
L8O, it N E 10 (more later...)
6 7 8910 20 30 40 50 60 70 All data rescaled to \\\\
pr™ (Cev/c) 1 B" and lyl < 1 s
f =0.389 N
| |
10 20 30
CDF Run Il Preliminary: ~1 fb™ pr (GeVic)
50[-
: o o Now on to Details !
40 + — - B, Production —
L B, Monte Carlo Prellmlnary: 1 fb-1
30} ++ + Probability = 0.72
L +0.033
20} o (B,|xBR(B,—J/yuv) ) 0.295+0.040(stat) ., (syst)+0.036(p,) [p;(B)>4GeV]
! o(B")xBR(B"—~J/yK")  |0.227+0.033 (stat)' > (syst)+0.014(p,) [p,(B)>6GeV]
- R
o LS Qﬁ;@#
& 6 8 15 Blois, 23 June, 2009 19

Jhy+u Mass (GeV/c?)



d, (cm)

_ Tight Selection

@ 2.1fb" @

* Still some surprises ? \w

CDF observes excess

(b) -

~Loose Selection

“=05 1
d, (cm)

Requirement
pAK);nl;Az,
Cosmic Veto
Timing

M(pp)
“Loose” Sel.
“Tight” Sel.

“Excess”

Excess/Loose

w H. Evans

DO Run lib, Preliminary (L = 0.9 1" )

oy
o
1

diumon production

e~1.6<r<10cm

 explains prev. x-sect
excess

* sign of pair-prod of
3 new, light states ?

088 salachon

. Tight selecton

N(u) / 0.01 cm
8 & 17

-
o

d, (em)

CDF (arXiv: 0810.5357 — 2.1
>3GeV;<054;<1.5cm

|A¢| < 3.135 rad

n/a

5-80 GeV

> 3 /7 hits in Silicon

hits in 2 innermost layers +
> 2 other Si hits

72,553 + 7,264
(12 £ 1) %

Blois, 23 June, 2009

' 2

M

Impact Parameter (cm)

Giromini, et al, arXiv:0810.5730

fb'') D@ (preliminary — 1.0 fb")
>3GeV;<1.0;<1.5cm
|A¢| < 3.135 rad
|At(A)| < 10 ns ; |A{C)| < 10 ns (wrt Beam X'ing)
5-80 GeV
= 3 hits in Silicon
hit in Si LO + = 2 other Si hits

712 + 462 + 942
(0.40 * 0.26 + 0.53) %

20
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